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energy dependence of the CLR and evaluate its effect on 
photon beam measurements. 
 
Material and Methods: The electron energy cut-off at which 
Cherenkov light is produced varies with the wavelength-
dependent refractive index. Based on this rationale, the 
theoretical CLR, describing the relative amount of blue to 
green light, is formalised analytically using the Cherenkov 
emission distribution and the detection efficiency functions 
of the blue and green channels. As the analytic expression 
depends on the electron spectrum, Monte Carlo simulations 
of several photon beam qualities are performed to evaluate 
the spectrum. This allows predicting the theoretical CLR as a 
function of the TPR2010 quality index (QI), which includes 
cobalt-60 and megavoltage (MV) beams. Experiments are 
performed to evaluate CLR over a wide range of QI in cobalt-
60 and clinical MV beams. 
 
Results: Comparison between experiments and theory show 
that the model reproduces the behaviour of the CLR energy 
dependence. However, the model under predicts the 
magnitude of the effect. For clinical MV beams, the variation 
of the theoretical CLR is about 0.5% while it is found to be 
about 1.8% with experiments. For cobalt-60 beam, the 
theoretical CLR is found to be about 1.005 of the value at the 
reference QI while the experiment reports a value of 1.017. 
Discrepancies between experiments suggest that other 
effects play a role in the energy dependence. More 
specifically, the model implicitly assumes isotropic 
Cherenkov emission, while the angular distribution of the 
light varies with the electron kinetic energy and the optical 
fibre only guides light emitted at a specific angular range. 
Further improvements modelling Cherenkov light transport 




Conclusion: The theoretical model proposed in this work is 
promising to evaluate the energy dependence of the 
Cerenkov correction in commercial PSD. Potential 
applications of this work could allow determining the energy 
dependence of PSD measurements using the CLR technique in 
small photon fields. 
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Purpose or Objective: Animal studies have shown that 
irradiation by a pulsed electron beam with high dose-rate 
allows for tumour control while sparing normal tissues. 
Dosimetry of clinical high dose-rate pulsed beam is 
challenging because of dose-rate dependence and saturation 
effects. The aim of this study was to assess the suitability of 
Gafchromic EBT3 films for performing absolute dose 
measurements in the electron beam of a prototype linac 
capable of mean dose-rate (Ḋm) ranging from 0.07 to 1000 
Gy/s, dose-rate in pulse (Ḋp) up to 106 Gy/s, and energy 
between 4 and 6 MeV. To this purpose, we evaluated the 
overall uncertainties of film dosimetry as well as the energy 
and dose-rate dependence of their response. 
 
Material and Methods: Our dosimetry system is composed of 
EBT3 Gafchromic films (Ashland Inc., Wayne, NJ, USA) in 
combination with a flatbed scanner. All sources of 
uncertainties in film dosimetry (dispersion of pixel values, 
film inhomogeneity, reproducibility, scanner variability) were 
carefully evaluated using a conventional clinical linac. Energy 
dependence was also investigated by acquiring and 
comparing calibration curves at three different energies (4, 8 
and 12 MeV), for doses between 25 cGy and 30 Gy. Dose-rate 
dependence was studied with the prototype linac for Ḋm 
ranging from 0.07 Gy/s to 1000 Gy/s and Ḋp between 103 and 
106 Gy/s. The determination of dose-rate dependence was 
performed by comparing doses from the films to three 
independently calibrated dosimeters, namely thermo-
luminescent dosimeter (TLD), alanine pellets and a chemical 
dosimeter based on methyl viologen (MV). Furthermore, we 
studied the correlation between the dose measured by the 
films and the total charge of electrons measured at the exit 
of the machine. 
 
Results: We showed that, sticking to a fixed protocol of film 
processing, a total uncertainty below 4% (k=2) can be 
obtained in the dose range between 3.5 and 16 Gy. Results 
also demonstrated that EBT3 films did not display any 
significant energy dependence for electron energies between 
4 and 12 MeV and doses between 25 cGy and 30 Gy since 
differences between calibration curves were all within 
uncertainties. In addition, we obtained excellent consistency 
between films, TLD, alanine and MV over the entire dose-rate 
range showing the absence of dose-rate dependency. This 
aspect was further corroborated by the fact that the dose per 
pulse as measured by films was proportional to the electron 
charge contained in the pulse. 
 
Conclusion: Our study shows that the use of EBT3 Gafchromic 
films can be extended to absolute dosimetry in pulsed 
electron beams with very high dose-rate (Ḋm up to 1000 Gy/s 
and Ḋp up to 106 Gy/s) and energies between 4 and 12 
MeV).The measurements results are associated with an 




Evaluation of measurement dose uncertainty of 
Gafchromic EBT3 because of local inhomogeneity 
E. Sukhikh
1Tomsk Regional Oncology Center, Radiobiology, Tomsk, 
Russian Federation 
1, L. Sukhikh2, E. Malikov3, P. Filatov4 
2National Research Tomsk Polytechnic University, Applied 
Physics, Tomsk, Russian Federation 
3National Research Tomsk Polytechnic University, Laboratory 
No 42, Tomsk, Russian Federation 
4Meshalkin Research Institute of Circulation Pathology, 
Radiobiology, Novosibirsk, Russian Federation 
 
Purpose or Objective: Operation of any dosimeter assumes 
knowledge of the expected uncertainty that could be caused 
by different factors. The possible sources of uncertainty for 
Gafchromic EBT3 film were investigated (Phys. Med. v. 29(6), 
(2013) p. 599) where it was shown that the error amounted 
0.55% neglecting local inhomogeneity of the film. The 
homogeneity of Gafchromic EBT2 film was investigated (Med. 
Phys. v. 37(4), (2010) p. 1753) and it was shown that 
inhomogeneity of absorbed dose amounted 6%. The purpose 
of current work is to calibrate Gafchromic EBT3 films using 
10 MV photon beam, 6 MeV and 10 MeV electron beams and 
to estimate value of the measured absorbed dose uncertainty 
caused by the local inhomogeneity of the film. 
 
Material and Methods: The calibration of Gafchromic EBT3 
film was carried out using 10 MV photon beam and 10 MeV 
electron beam of Elekta Axesse linac, and also at 6 MeV 
electron beam using compact betatron for intraoperative 
therapy. In the case of Elekta Axesse the Farmer FC65-P 
cylindrical chamber and DOSE-1 electrometer were used. In 
the case of betatron we used the plane-parallel chamber 
PTW 23342 (Markus) and Unidose-E electrometer. The pieces 
of Gafchromic EBT3 film were irradiated by different doses 
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up to 40 Gy resulted in calibration curves. Due to the fact 
that the films were irradiated by the uniform field it was 
possible to estimate local inhomogeneity. The obtained 
calibration curve allowed to calculate dose from the net 
optical density of the irradiated films. Using standard error 
propagation techniques it was possible to estimate calculated 
dose uncertainty. 
 
Results: The experimentally obtained dependences of 
reference dose on the film net optical density were fitted by 
the expression D=a NetOD +b NetOD^n (a,b,n are the free fit 
parameters). The comparison of calibration curves for 
different sources showed that the ones for 10 MeV electron 
beam and 10 MV photon beam coincide in the range (0.86-
1.06) for the red channel and in the range (0.94-1.04) for the 
green channel depending on the value of net optical density. 
In the case of electron beams of different energies the 
coincidence is better for both channels. The values of 
obtained dose uncertainties lay within 5.5% for 6 MeV 
electron beam, 5% for 10 MeV electron beam and 7% for 10 
MV photon beam (0.95 confidence interval). 
 
Conclusion: The present work shows that homogeneity of the 
new generation of Gafchromic EBT3 film is better than 
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Purpose or Objective: A new p-type unshielded silicon 
diode, the Razor, has been introduced by IBA as a 
replacement for the IBA SFD diode. Both diodes are 
customised for measurements in small radiation fields, having 
a silicon chip of only 0.6 mm in diameter. The aim of this 
work is to characterize the response of the Razor in small 
fields and to evaluate small field correction factors if 
required (Alfonso et al 2008). 
 
Material and Methods: Relative output ratios were measured 
in 6 MV and 10 MV X-ray beams, with and without a flattening 
filter, generated by three Varian linacs: the TrueBeam STX, 
the EDGE and the Novalis, . The output ratio was measured 
with the IBA Razor and the air core scintillation dosimeter 
(Lambert et al 2009) at a depth of 50 mm in water. The air 
core scintillation dosimeter, previously shown to provide 
accurate relative output ratios in small fields (Ralston et al 
2012), consists of a cylindrical BC-400 plastic scintillator 1 
mm in length and diameter (volume 0.8mm3). Correction 
factors for the Razor were calculated for MLC fields (5 and 10 
mm in width) and stereotactic cones (4, 7.5 and 10 mm in 
diameter) using the air core scintillation dosimeter as a 
reference. 
 
Results: The relative output factors measured for MLC fields 
on the Varian Truebeam STX are shown in Figure 1. The Razor 
exhibited an over-response that increases as the field size 
decreases, consistent with the reported behaviour of 
unshielded silicon diodes. For MLC fields, the over-response 
ranged from 2.9% to 5.2% for 5 mm fields and from 0.1% to 
2.5% for 10 mm fields. For stereotactic cones, the average 
over-response was 8.3% for the 4 mm cone, 2.9% for the 7.5 
mm cone and 1.4% for the 10 mm cone. Correction factors for 
specific field sizes were within 1% across the three different 
linac types. The beam energy and the presence of a 
flattening filter had a substantial effect. 
 
 
Conclusion: The new IBA Razor exhibits an over-response at 
small fields, which is consistent with the behaviour of other 
silicon diodes. Alfonso small field correction factors were 
experimentally determined using the air core scintillation 
dosimeter. The presence of a flattening filter was found to 
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Purpose or Objective: To characterize the 2D 
implementation of a new ionization chamber technology with 
high spatial resolution and charge collection efficiency for 
quality assurance in complex MV X-ray radiotherapy 
techniques such as VMAT and stereotactic treatments. 
 
Material and Methods: The prototype device (Figure 1) 
consists of an array of air vented ionization chambers, with 
1024 detector elements regularly arranged in a 32 x 32 
matrix. The chamber center to center spacing is 4 mm, 
resulting in an active area of 12.4 cm x 12.4 cm. Dosimetric 
characterization as well as a comparative evaluation of 
treatment plans for a variety of clinical localizations and 
techniques has been performed in a plastic phantom. A CT 
scan of the device within the phantom was acquired and 
imported in the Varian Eclipse treatment planning system 
(TPS) in order to compare the planned and measured dose 
distributions. Irradiation was performed on two different 
accelerators: a Varian True Beam and a Cyberknife G4 
equipped with an iris collimator (both at UPENN, Dept. of 
Radiation Oncology, Philadelphia). The characterization has 
been performed for VMAT, IMRT and stereotactic treatment 
plans with different beam qualities and dose rates. Other 
reference detectors used for comparison included 
radiochromic film (RCF) and a commercial array based on 
diode technology. 
 
